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(57) ABSTRACT

Disclosed 1s a novel method for determination of ProGRP
which 1s free from problems such as the dispersion in the
values of measurements and operational constraints such as
handling of a test sample. A method for the determination of
a gastrin-releasing peptide precursor or a digest thereot using
at least two different antibodies each of which can recognize
a peptide comprising the partial amino acid sequence starting
from amino acid residue 40 and ended at amino acid residue
75 1n the amino acid sequence depicted in SEQ ID NO:1; and
a method for the determination of a gastrin-releasing peptide
precursor and/or a digest thereof using at least two different
antibodies each of which can recognize a peptide comprising
the partial amino acid sequence starting from amino acid
residue 40 and ended at amino acid residue 79 1n the amino
acid sequence depicted i SEQ ID NO:1. The methods have
such advantages that a detection sensitivity comparable to
that 1n a conventional determination method can be achieved,
that 1t 1s easy to handle a sample after the sample 1s collected,
and that a highly reproducible measurements can be obtained.

5 Claims, 2 Drawing Sheets



U.S. Patent Apr. 19, 2011 Sheet 1 of 2 US 7.927.814 B2

Fiqure 1

(A)

0.100
3D6-2

0.080

g
l

0D492/630
=
&
=

0.020 . -

0.000 - '
ﬂ:"”?ﬁ"}ﬁa"ﬁ';‘)‘a“’b#ﬁﬁb i & wﬂ“#@'ﬁ:“#ﬁ"@hﬁ*’w@'@é’p&ﬁ@'@lé"ﬁwé‘ﬁhb”ﬁbﬁ“#ﬁ#ﬂ‘ﬁ@#@s bs"ﬁﬁ“-"q“%"&@s:ﬂ’qpqx”%
Peptide (a.a. No)

(B)

2.0

3G2

1.5

1.0 _ ”‘

0D492/63(

0.5

0.0
'9‘9":"’?'5"9'6\'&«:# u‘.*‘#ﬁ@h‘f@ﬁ‘?ﬁ*ﬁﬁeﬁeﬁéﬁeﬁb‘*‘@G"@fu‘?ﬁ"ﬁh&”ﬂb«*@ﬂ*@ﬁﬁﬂ“’}ﬂﬂ”ﬁﬁ"'*a‘ﬂa"?#'*qﬁ |
Peptide (a.a. No)

2.5

2B10
2.0 — —

1.5 |' -
|

1.0 — —HHH——

0D492/630

0.5 - - i

0.0 ' - ‘
Al & & ax AS
ﬁ“’@ﬁ”'@ﬁ"pﬁ"‘»@* i"ﬁhﬁﬁb t"’*ﬁ"?@‘#&?f@é’b é‘ﬁﬁq’&@#ﬁ""@#ﬁ & ﬂ"'@ﬁ"?ﬂ A 9*\’"@#"#%”&%"'&4‘?%‘"*¢#
Peptide (a.a. No)



U.S. Patent Apr. 19, 2011 Sheet 2 of 2 US 7.927.814 B2

Figure 2

1.00

0OD492/630

0.10

0.01
1 10 100

ProGRP, pg/mL

1,000




US 7,927,814 B2

1

ANTIBODY DIRECTED AGAINST
GASTRIN-RELEASING PEPTIDE
PRECURSOR AND USE THEREOFK

This application 1s a continuation of International Appli-
cation PCT/JP2006/307808 having an International filing
date of Apr. 13, 2006, which 1n incorporated herein by refer-
ence 1n 1ts entirety.

TECHNICAL FIELD

The present mvention relates to an antibody directed
against gastrin-releasing peptide precursor and use thereof,
and 1s widely used 1n early diagnoses, momtoring of the
treatment, monitoring of recurrence, or the like of various
diseases including small cell lung cancer.

BACKGROUND ART

The most frequent cause of death 1n our country 1s malig-
nant neoplasm, and 1n particular, the mortality of lung cancer
in men 1s the highest, exceeding that of stomach cancer, while
the mortality 1s the third highest in women and tends to be
increasing every year. Lung cancer 1s histopathologically
classified into the following four main subtypes, namely,
squamous-cell carcinoma and small-cell lung carcinoma
(SCLC) occurring in the hilar region, adenocarcinoma and
large-cell lung carcinoma occurring in the lung field.

In particular, since small-cell lung carcinoma proliferates
fast and causes remote metastasis in the early stage, it 1s often
discovered, even on the mnitial diagnosis, to be progressive
cancer 1n which metastasis has already occurred systemically.
The cure rate of this type of cancer 1s approximately 20% for
the patients with the limited disease (LD) type of small-cell
lung carcinoma, 1n which pathological lesion 1s limited only
to one side of the lung; however, for the patients with the
extensive disease (ED) type in which cancer has metastasized
to both lungs or to other organs, complete cure 1s said to be
practically difficult.

Furthermore, since small-cell lung carcinoma i1s highly
sensitive to anticancer drugs, chemotherapy 1s considered to
be the best choice for the treatment of the disease. However,
the rate of success with chemotherapy 1s low for non-small-
cell lung carcinoma (non-SCLC), and thus surgical treatment
1s known to be the best choice for the treatment.

Therefore, small-cell lung carcinoma 1s a cancer which
particularly necessitates early discovery and early treatment
among lung cancers, and for this reason, differential diagno-
s1s of small-cell lung carcinoma and non-small-cell lung car-
cinoma 1s extremely important for making decision on the
course of treatment.

One of the methods for discovering lung cancer 1s sputum
examination. However, although sputum examination 1s suit-
able predominantly for the examination of squamous-cell
carcinoma, there 1s a problem that the positive rate for small-
cell lung carcinoma i1s low. Also, X-ray imaging 1s another
method widely used 1n the discovery of lung cancer; however,
with regard to squamous-cell carcinoma or small-cell lung
carcinoma which occurs 1n the hilar region, there 1s a problem
that imaging of the shadow of cancerous tissues 1s very dii-
ficult because the shadow of the heart falls on the hilar region.
Furthermore, with regard to small-cell lung carcinoma, 1t 1s
believed that even though those patients who show anoma-
lous shadow of the lung field are diagnosed using sputum
cytodiagnosis, simple chest X-ray imaging, CT scanning,
bronchoscopy and the like, early discovery of this type of lung,
cancer 1S never easy.
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In addition, several examinations for diagnosing cancer,
such as irradiation, biopsy and bronchoscopy, cause pain in
patients, and require expensive instruments or skilled engi-
neer.

Therefore, research 1s being conducted to find a tumor
marker which enables highly eflicient diagnosis of cancer at
a curable stage through a more convenient blood examination
method. Currently, 30 or more tumor markers are being used
in the discovery and diagnosis of cancer patients, indication
for monitoring of the course of disease, diagnosis of recur-
rence, or the like.

Since lung cancers have various subtypes, there 1s no report
on a tumor marker which 1s effective 1n the discovery or
diagnosis of all subtypes of lung cancer. Thus, at the present,
elfective tumor markers are selected and used 1n accordance
with each subtype of lung cancer.

For example, carcinoembryonic antigen (CEA) or sialyl
Lex-1 antigen 1s mainly chosen and used for pulmonary
adenocarcinoma, squamous-cell carcinoma related antigen
(SCC) for squamous-cell carcinoma, and neuron-specific
enolase (NSE) for small-cell lung carcinoma.

However, NSE 1s disadvantageous 1n that (1) the positive
rate 1s low at an early, curable stage 1n SCLC; (2) a transient
increase 1n the measured values 1s recognized upon treatment;
(3) the measured values increase due to hemolysis during
blood collection; (4) the difference 1in the measured values
between small-cell lung carcinoma patients and normal per-
sons 1s small; and the like. Thus, NSE could notnecessarily be
said to be an effective tumor marker for small-cell lung car-
cinoma.

Gastrin-releasing peptide (GRP) 1s a brain gut peptide
comprising 27 amino acids, which was 1solated from porcine
stomach tissues by McDonald et al. 1n 1978, and has a gastrin
secretion promoting elfect. The presence of GRP 1n human
has also been confirmed, and the gene encoding human GRP
has been also cloned 1n 1984.

Yamaguchi et al. at the National Cancer Center 1n Japan
measured 15 or more types of brain gut hormones, including
adrenocorticotropic hormone (ACTH), calcitonin and the
like, 1n the course of investigating the biological characteris-
tics of small-cell lung carcinoma, which 1s conceived to be
derived from neuroendocrine cells, and clarified that GRP 1s
actively secreted from cultured small-cell lung carcinoma cell
lines at the highest frequency and highest concentration
(Non-Patent Document 1). Moreover, they also established a
radioimmunoassay (RIA) combined with a method of con-
centrating GRP 1n blood, and found that patients with small-
cell lung carcinoma would show higher blood concentration
of GRP compared to normal persons. However, since GRP 1s
rapidly digested in the blood, 1ts concentration 1n blood 1s low,
and since the aforementioned assay requires complicated
concentration processes, clinical application 1s difficult.

From researches conducted thereafter, it was found that
three species of GRP precursors (proGRP) are produced by
alternative RNA splicing 1n various cells (Non-Patent Docu-
ment 2). These three species of ProGRP show that the 1* to
08”7 amino acids in the amino acid sequence are common,
while the amino acid sequence on and after the 99” amino
acid 1s different from each other, due to alternative RNA
splicing. This common portion 1n the amino acid sequence of
from the 1** to 98” amino acids, is shown in SEQ ID NO:1.
Heremafter, unless stated otherwise in particular, the num-
bering of amino acid residues in ProGRP according to the
present invention, partial amino acid sequences thereof,
digests and the like, 1s based on the numbering of the amino

acid sequence of SEQ ID NO:1.
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The amino acid sequence of from the 1°" to 27" amino acids
in the three species of ProGRP 1s 1dentical to the amino acid
sequence of mature GRP having gastrin secretion promoting
activity. These three species of precursors are all digested by
hormone precursor cleavage enzymes, into mature type GRP
having an amino acid sequence consisting of amino acids
1-27, and a C-terminal fragment (ProGRP-Cirag) which 1s a
digest of ProGRP having an amino acid sequence from the
31°" amino acid and the rest, and having no gastrin secretion
promoting activity.

Holst et al. (Non-Patent Document 3) reported that in a
radioimmunoassay (RIA) method using an anti-serum
directed against a peptide having an amino acid sequence
consisting of amino acids 42-53 of the amino acid sequence of
ProGRP (herematter, referred to as ProGRP (42-53)), the
level of ProGRP or ProGRP-Cirag 1n plasma of the patients
with small-cell lung carcinoma was high. However, 1n this
method, precipitation and extraction processes were needed,
and the sensitivity was insufficient. Furthermore, 1t 1s con-
ceived that when immunization 1s carried out with such a
short chain peptide comprising 11 amino acid residues, an
antibody recognizing the conformational epitope of ProGRP
1s not mnduced.

Miyake et al. noted that ProGRP 1s more stable in the blood
than GRP, and that an amino acid sequence consisting of
amino acids 31-98, which 1s a common portion in the three
species of ProGRP, does not show homology with the amino
acid sequences of other proteins, and established a highly
sensitive RIA method which does not need any precipitation
and extraction processes, using an anti-serum of high titer
obtained by using arecombinant peptide comprising the same
amino acid sequence (hereinaiter, referred to as ProGRP (31 -
98)) as an antigen (Non-Patent Document 1). In this method,
it was shown that ProGRP served as an excellent tumor
marker, in the same manner as GRP does.

However, although this method 1s advantageous 1n not
needing extraction processes, measurement requires 4 days,
and the sensitivity 1s only 10 pM (77.3 pg of antigen/mlL),
which 1s insuflicient. Therefore, 1t 1s 1mpossible to measure
the ProGRP level 1in the serum of a normal person, and this
method has not yet been developed to be clinically applied.

Furthermore, since the RIA methods of Holst et al. and
Miyake et al. as described above are inhibition methods,
measurement would be possible 1f only a portion of a frag-
ment of ProGRP has antigenicity. But, the sensitivity 1s lower
than that of sandwich methods, and clinical application of any
ProGRP measuring method requiring high sensitivity 1s dii-
ficult. Thus, 1 order to clinically perform detection of Pro-
GRP, 1t 1s essential to increase the sensitivity, and particularly,
an antibody which can be used in sandwich methods 1is
needed.

Yamaguchi, Aoyagi et al. developed, for the purpose of
climically applying ProGRP as a tumor marker for small-cell
lung carcinoma, a convenient and highly sensitive reagent for
measuring ProGRP using a sandwich method, which reagent
1s based on the principles of enzyme-linked immunosorbent
assay (ELISA) (Patent Document 1). This assay gives results
in about 2 hours, and shows high sensitivity (2 pg/mL). Thus,
the assay 1s at present widely used in clinical applications, and
it 1s obvious that this assay shows higher sensitivity and
specificity compared to the assay using NSE with respect to
small-cell lung carcinoma.

It was also found that by using this assay, the serum Pro-
GRP values increased in neuroendocrine tumors (thyroid
medullary carcinoma, etc.), and cancers exhibiting character-
1stics of neuroendocrine tumor (esophageal small cell carci-
noma, pancreatic small cell carcinoma, prostate small cell
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carcinoma, etc.) as well as 1 small-cell lung carcinoma.
Thus, 1t 1s believed that the ProGRP assay can be applied to
carly discovery or to the monitoring of treatment of patients

with these tumors thereol.

However, although the stability of ProGRP 1n blood 1s
higher than that of GRP, more fluctuation in the measured
values 1s observed as compared to other common tumor
markers. For this reason, there 1s a restriction in the method of
using ProGRP as the object of detection, that the test sample
for measurement must be frozen immediately after blood
collection and stored until the time of measurement (Non-
Patent Document 4).

| Patent Document 1| Japanese Patent No. 3210994

[Patent Document 2] Japanese Patent Application Laid-
open No. 6-98794

[Non-Patent Document 1] Cancer Research, Vol. 54, pp.
2136-2140 (1994)

| Non-Patent Document 2] Spindel et al., Mol. Endocrinol.,
Vol. 1, pp. 224-232 (1987)

| Non-Patent Document 3] Holst, J. Clin. Oncol., Vol. 7, pp.
1831-1838 (1989)

[ Non-Patent Document 4] Rinsho Kensa, Vol. 39, pp. 981 -
086 (1995)

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

The present invention 1s to provide a novel method for
determining ProGRP, which 1s free from the problems
observed in the conventional methods, such as fluctuation 1n
the measured values and operational constraints mvolving
storage of frozen test samples, although ProGRP 1s an object
of measurement.

Means for Solving the Problems

The present mvention 1s based on a discovery that the
digest of ProGRP in the blood test sample 1s stably main-
tained, and solves the problems described above by using an
epitope which 1s present on such stable digest, as an object of
measurement. Specifically, the invention provides the follow-
ng:

(1) A method for determining a gastrin-releasing peptide
precursor and/or a digest thereot, using two or more different
antibodies which recognize a peptide comprising a partial
amino acid sequence consisting of amino acids 40to 75 of the
amino acid sequence shown 1n SEQ ID NO:1;

(2) A method for determining a gastrin-releasing peptide
precursor and/or a digest thereot, using two or more different
antibodies which recognize a peptide comprising a partial
amino acid sequence consisting of amino acids 40to 79 of the
amino acid sequence shown 1n SEQ ID NO:1;

(3) The method according to (1) or (2), which 1s a sandwich
immunoassay method;

(4) An antibody which binds to a peptide having a partial
sequence consisting of amino acids 40 to 60 of the amino acid
sequence shown i SEQ ID NO:1, and does not bind to a
peptide comprising a contiguous sequence of any 8 amino
acids of the amino acid sequence shown in SEQ ID NO:1;

(5) An antibody which binds to a peptide comprising a
partial sequence consisting of amino acids 40 to 60 of the
amino acid sequence shown in SEQ ID NO:1, and does not
bind to a peptide comprising a partial amino acid sequence

consisting of amino acids 31 to 33;
(6) The antibody according to (4) or (5), which 1s produced
by hybridoma 3D6-2 deposited under Accession No. FERM
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BP-08669 with the International Patent Organism Depositary
at the National Institute of Advanced Industrial Science And
Techonolgy (AIST Tsukuba Central 6, 1-1, Higashi 1-Chome
Tsukuba-shi, Ibaraki-ken 305-8566 Japan) on Mar. 23, 2004.

(7) Hybridoma 3D6-2 deposited under Accession No.
FERM BP-08669.

(8) The method according to (1) or (2), wherein at least one
of the two or more different antibodies 1s the antibody accord-
ing to any one of (4) to (6).

(9) The method according to (1) or (2), wherein at least one
of the two or more different antibodies 1s the antibody accord-
ing to any one of (4) to (6), and the other 1s an antibody
recognizing a peptide comprising a partial sequence of amino
acids 71 to 75 of the amino acid sequence shown 1n SEQ 1D
NO:1.

(10) A kit for measuring a gastrin-releasing peptide pre-
cursor or a digest thereof, the kit comprising the antibody
according to any one of (4) to (6).

(11) The kit according to (10), which 1s a kit for diagnosing
cancer.

Eftects of the Invention

The method of the present invention provides effects such
that a sensitivity equivalent to that of conventional measure-
ment methods can be obtained, as well as that 1t 1s hardly
alfected 1n handling of the test sample after collection and
highly reproducible measured values can be obtained, and the
like, by taking a newly identified epitope on the digest of
ProGRP which 1s stably maintained even 1n a test sample, as
an object of measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the reactivity of a monoclonal antibody
directed to a peptide comprising a contiguous sequence of 8
amino acids, which was synthesized by multipin peptide syn-
thesis method. The horizontal axis indicates the contiguous 8
sequence ol amino acid of ProGRP (31-98), while the vertical
axis indicates absorbance. (A), (B) and (C) indicate the reac-
tivity of GRP-3D6-2, GRP-3G2 and GRP-2B10, respec-
tively.

FIG. 2 shows a standard curve for the measurement
method, obtained by using GRP-3D6-2 and GRP-2B10
which are antibodies that bind to a partial peptide consisting,
of amino acids 40 to 75. The horizontal axis indicates the
concentration of ProGRP, while the vertical axis indicates
absorbance.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

The present invention 1s directed to using an epitope
present on a digest of ProGRP (ProGRP-Cdel) in a test
sample, which has higher storage stability in the blood com-
pared to ProGRP or ProGRP-Cirag, as an object of an immu-
nological measuring method.

This ProGRP-Cdel 1s a peptide having a shorter chain
length, resulting from deletion of several amino acid residues
from the C-terminal of ProGRP-Clirag which 1s the object of
measurement 1n conventional methods, and 1s a peptide con-
taining an epitope residing within the amino acids 40 to 75 of
ProGRP. It 1s suspected that ProGRP-Cdel 1s generated when
the C-terminal side of any residues among amino acid resi-
dues 75 to 83 of ProGRP-Cirag has been cleaved by a pro-

tease present 1n the blood.
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With regard to this ProGRP-Cdel, its structure was exam-
ined using a mass analysis apparatus, and 1t was confirmed
that the 79” Lys was cleaved on the C-terminal side. Thus,
ProGRP-Cdel 1s also a peptide containing an epitope which
resides within amino acid residues 40 to 79 of the amino acid
sequence shown 1 SEQ ID NO:1, and thus an antibody
recognizing such epitope can also be used in the present
invention.

The difference 1n structure between ProGRP-Cdel and Pro-
GRP-Cirag 1s merely the presence or absence of approxi-
mately 20 amino acid residues on the C-terminal side, but the
significance of these fragments as an object protein for immu-
nologically determining ProGRP or a digest thereof 1s greatly
different. In conventional methods, an antibody which recog-
nizes the aforementioned part of about 20 residues on the
C-terminal side 1s used. Therefore, this antibody now cannot
recognize and capture ProGRP-Cdel which has lost that part.
The cleavage process of this part on the C-terminal side 1s
alfected by the test sample 1tself, or by the storage condition
or storage period after collection of the test sample, and this 1s
suspected to the cause for that detection signals are affected
by the storage condition of a test sample or the storage period
in conventional methods.

Meanwhile, the present mvention 1s to use an antibody
which recognizes the epitope residing 1n ProGRP-Cdel; thus,
even 1f ProGRP or ProGRP-Cirag 1s present in the test
sample, and even 1f cleavage of that part occurs, the antibody
can stably recognize ProGRP or a digest thereof. Accord-
ingly, the detection signal i1s less atlected by the storage
condition of the test sample or the storage period, and highly
reproducible measurement 1s made possible.

The present invention 1s a method for detecting ProGRP or
a digest thereof according to a sandwich immunoassay
method, using different antibodies which are selected from
antibodies that can recognize the epitope present on the pep-
tide having a sequence of amino acids 40 to 75 of ProGRP
(ProGRP (40-73)) and which independently recognize two or
more different epitopes that are present in ProGRP (40-75),
so as to employ an epitope on ProGRP-Cdel as the object of
determination. Furthermore, the present invention 1s a
method for detecting ProGRP or a digest thereot according to
a sandwich immunoassay method, using different antibodies
which are selected from antibodies that can recognize the
epitope present on the peptide having a sequence of amino
acids 40 to 79 of ProGRP (ProGRP (40-79)) and which 1nde-
pendently recognize two or more different epitopes that are
present 1n ProGRP (40-79).

In particular, according to the present invention, 1t 1s prei-
erable to use a sandwich immunoassay method which does
not involve the antibody for recognizing the epitope on the
partial sequence on the C-terminal that has been eliminated
by cleavage from ProGRP-Cirag, but involves only the anti-
body for recognizing the epitope on ProGRP-Cdel.

The fundamental operation of sandwich ELISA may be
conducted according to a method described 1n “Ultrasensitive
Immunoassay” (E1j1 ISHIKAWA, Japan Scientific Societies
Press (1993)) or other various manuals for experimental tech-
niques. It 1s conceived that implementation of the present
invention does not require any special operation, but the
present invention can be carried out by the following process.

Specifically, ProGRP or a digest thereof can be detected

according to a method for determination comprising the steps
of: (1) reacting a first antibody which binds to ProGRP (40-

75) and/or ProGRP (40-79), with ProGRP or a digest thereof
in a test sample; (2) reacting the ProGRP or a digest thereof
which has been captured by the antibody, with a second
antibody which 1s different from the antibody of the step (1)
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but binds to proGRP (40-75) and/or ProGRP (40-79); and (3)
detecting the immune complex generated 1n the step (2).

With regard to the antibody which binds to ProGRP or a
digest thereot, 1t 1s preferable to select for use only an anti-
body which binds to ProGRP (40-75) and/or ProGRP (40-
79), but other antibodies except for such antibodies may be
contained 1n the determination system, within the range that
measured values can be highly reproduced.

A particularly preferred combination of antibodies 1n the
present mvention 1s a combination of monoclonal antibody
GRP-3D6-2 which recognizes the sequence of amino acids
40 to 60 of ProGRP, and monoclonal antibody GRP-2B10
which recognizes the sequence of amino acids 71 to 75 of
ProGRP. The monoclonal antibody GRP-3D6-2 recognizes
the sequence of amino acids 40 to 60 of the amino acid
sequence of ProGRP, but does not recognize at the same time
a peptide comprising a contiguous sequence of any 8 amino
acids 1n the same amino acid sequence. In view of this, 1t 1s
conceived that the monoclonal antibody GRP-3D6-2 1s an
antibody recognizing the conformational epitope having a
sequence of amino acids 40 to 60 of the amino acid sequence
of ProGRP. The monoclonal antibody GRP-2B10 1s assumed
to recognize the sequence epitope which 1s composed of the
amino acid residues 71 to 75.

The assay of the present invention which uses two types of
monoclonal antibodies as described above can detect 4.5 pg
of ProGRP/ml. This value 1s almost equal to the sensitivities
ol conventional methods using monoclonal antibodies and
polyclonal antibodies for determining proGRP (31-98), and
indicates a sensitivity which can be sufficiently used 1n the
determination of ProGRP concentration 1n the blood from a
normal person.

The antibodies used 1n the present invention can be
obtained by immunizing laboratory animals such as mice,
rats, guinea pigs, rabbits, chickens, goats, sheep and cattle.
For the antigen used 1n immunization, although 1t 1s prefer-
able to use ProGRP (40-75) and/or ProGRP (40-79), the
peptide of ProGRP (31-98) can also be used, and desired
antibodies can be obtained by selecting with the use of Pro-
GRP (40-75) and/or ProGRP (40-79) after immunization.

The method of immunizing an animal will be described by
taking an example of a mouse. The peptide of ProGRP (31-
98) or the like 1s mixed with an adjuvant such as Freund’s
complete adjuvant or TiterMax Gold (CytRx Corp.), at a ratio
of 1:1, and 1s repeatedly passed through a joint comprising
two syringes joined at a cross-flow joint or ultrasonicated to
form an emulsion. The antigen-containing emulsion thus pre-
pared 1s injected subcutaneously, intradermally, mntramuscu-
larly or intraperitoneally, or at multiple sites. After comple-
tion of the first immunization, a booster immunization can be
conducted 1n the same manner at an mterval of 1 to 4 weeks.
Thereafter, immunization 1s continued 1n the same manner,
until the antibody titer of the antibody directed to ProGRP
(31-98) 1n the blood 1ncreases.

The antibody titer can be determined as follows. ProGRP
(31-98) 1s dissolved 1n PBS to a concentration of 1 ug/ml, and
50 ul of the solution 1s added to each well of a 96-well
microtiter plate, and this peptide 1s adsorbed overnight at 4°
C. Each well 1s used for assay after being washed with PBS
contaiming 0.05% Tween 20 (PBS-T). Prior to the assay,
blocking may be performed with PBS containing 1% BSA or
the like. Blood 1s collected from the orbital venous plexus, the
caudal vein, the caudal artery or the like, diluted to 30-folds
with PBS-T, and then centrifuged. The obtained supernatant
1s prepared 1nto a series of dilutions with PBS-T, and 50 pL
cach 1s added to each well of a microtiter plate coated with
ProGRP (31-98). Each well 1s incubated at room temperature
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for 30 minutes, and then the plate 1s washed with PBS-T, 50
ul. of a horseradish peroxidase (HRP)-labeled anti-mouse
IgG solution which has been appropnately diluted waith
PBS-T 1s added to each well. The each well 1s further 1incu-
bated at room temperature for 30 minutes, subsequently a
substrate solution containing hydrogen peroxide and ortho-
phenylenediamine 1s added to each well, and then 1s incu-
bated for 30 minutes. 50 ul. of 2 N H,SO, 1s added to stop the
reaction, and the absorbance of each well 1s measured.

After confirming that the antibody titer against ProGRP
has sufficiently increased 1in the immunized mouse, the spleen
1s extracted, and the spleen cells are 1solated. These cells are
fused with separately cultured mouse myeloma cells (for
example, SP2/0-Agl4, etc.), using polyethylene glycol or the
like. The successtully fused cells are selectively cultured 1n
HAT (hypoxanthine/aminopterin/thymidine) medium. Cul-
turing 1s continued while exchanging half the amount of the
medium every few days for about 7 to 14 days, and then the
antibody titer of the culture supernatant 1s measured. The
positive well cells are cloned by the limiting dilution method
to obtain hybridomas producing the desired antibody. As the
hybridoma obtained by the above-described method, 3D6-2
(Accession No. FERM BP-8669) and ProGRP-2B10 (Acces-
sion No. FERM BP-4110) may be mentioned.

By analyzing the epitope of the antibody obtained by the
above-described method, an antibody which recognizes and
binds to the epitope present on ProGRP (40-75) and/or Pro-
GRP (40-79) can be acquired. Epitope analysis can be carried
out by examining the reaction of the antibody directed against
ProGRP (40-75) and/or ProGRP (40-79). It 1s determined by
coating a microtiter plate with ProGRP (31-98) or ProGRP
(40-735) and/or ProGRP (40-79) that has been recombinantly
expressed, or with proGRP (40-75) and/or ProGRP (40-79)
that has been chemically synthesized by the Fmoc method or
Boc method, and examining the reaction concerning each
peptide by the immunoassay method described above. Fur-
thermore, the epitope present on a peptide comprising about
8 to 12 consecutive amino acids of ProGRP can be deter-
mined using a peptide synthesized by the multipin peptide
synthesis method.

According to the present invention, it 1s also possible to
immobilize the antibody into the solid-phase, or to label the
antibody. The respective processes may be performed accord-
ing to the methods described 1n various manuals for experi-
mental techniques, and no special operation would be par-
ticularly necessary in implementing the present invention.

In addition to the method described above, the present
invention also provides a kit for determining ProGRP or a
digest thereof 1n a test sample, and particularly a kit of diag-
nostic agent for diagnosing small-cell lung carcinoma or for
monitoring ol chemotherapy by determining ProGRP or a
digest thereof. Such a kit comprises at least two antibodies
which recognize the epitope present on the above-described
ProGRP (40-75) and/or ProGRP (40-79), and may also com-
prise any of areaction solution, a diluent of a second antibody,
a ProGRP standard substance, instructions and other con-
stituents. Preferred examples of the antibody contained 1n the
kit include an antibody which recognizes the epitope present
on ProGRP (40-735) and/or ProGRP (40-79), but does not
recognize a peptide comprising any 8 consecutive amino acid

residues present on the same peptide, and an antibody which
recognizes the sequence of amino acids 71 to 75 of ProGRP,
and representative examples include monoclonal antibody

GRP-3D6-2 and monoclonal antibody GRP-2B10.
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Hereinatter, the present invention will be explained by way

of Examples.

EXAMPL.

T
[

Preparation of Hybridoma
A recombinant was prepared by the method described 1n
Example 1 of Japanese Patent No. 3210994, and a peptide

having the amino acid sequence shown 1in SEQ ID NO:4,
which was expressed by Escherichia coli, was purified. In
Example 1 of Japanese Patent No. 3210994, this recombinant
protein was described to be GRP (31-98), but it 1s actually the
(31-98) part of GRP precursor (ProGRP), and thus will be
described herein as ProGRP (31-98). Subsequently, the
hybridoma producing the monoclonal antibody of the present

invention was obtained by the method described 1n Example

6 of the Japanese Patent No. 3210994

The obtamned hybridoma 3D6-2 (FERM BP-8669) 1s
deposited with the International Patent Organism Depositary
at the National Institute of Advanced Industrial Science And
Technology (AIST Tsukuba Central 6, 1-1, Higashi 1-Chome
Tsukuba-shi, Ibaraki-ken 305-8566 Japan) on Mar. 23, 2004,
and proGRP-2B10 (FERM BP-4100) and proGRP-3G2
(FERM BP-4109) are deposited with the Fermentation
Research Institute (currently, the International Patent Organ-
1sm Depositary at the National Institute of Advanced Indus-

trial Science and Technology (AIST Tsukuba Central 6, 1-1,
Higashi 1-Chome Tsukuba-shi, Ibaraki-ken 305-8566
Japan)) on Dec. 9, 1992.

The obtained hybridoma was transplanted into the perito-
neal cavity of a mouse which had been treated with pristane or
the like, the ascites was recovered, and the respective mono-
clonal antibodies were purified from the ascites using a Pro-
tein A-bound Sepharose column. The monoclonal antibody

obtained from hybridoma 3D6-2 (FERM BP-8669) was des-
ignated as GRP-3D6-2.

EXAMPL.

(L]
o

Epitope Analysis of Monoclonal Antibody

(1) Synthesis of Peptide and Determination of Epitope

The nucleic acid sequence and amino acid sequence of
ProGRP (31-98) are shown 1n SEQ ID NO:3. According to
this amino acid sequence, a partial peptide of ProGRP (31-98)
was synthesized by the Fmoc method. Pepl 1s a peptide
having the sequence of amino acids 31 to 52 of ProGRP,
Pep70 1s a peptide having the sequence of amino acids 40 to
60, Pep3 1s a peptide having the sequence of amino acids 54
to 78, Ep12 1s a peptide having the sequence of amino acids 70
to 90, and Pep5 1s a peptide having the sequence of amino
acids 82 to 96. The synthesized peptides were punified by
reverse phase chromatography, or by a combination of
reverse phase chromatography and gel filtration. The purity
alter purification was 80% or higher.

Each peptide was diluted 1mn PBS to a concentration of 1
ug/mL, and 100 uL of each peptide solution was added to each
well of a 96-well microtiter plate, and each well was 1ncu-
bated overnight at 4° C. Each well was washed twice with
PBS, and PBS containing 1% BSA was added to each well.
The plate was incubated at room temperature for 2 hours, and
PBS containing 1% BSA was removed by aspiration. The
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monoclonal antibody GRP-3D6-2 diluted to a concentration
of 1
and

ug/mL was added to each well at 100 uLL volume each,
the each well was incubated at room temperature for 60

minutes. Subsequently, the plate was washed 5 times with
PBS containing 0.05% Tween 20 (PBS-T), 100 uL. of a horse-
radish peroxidase (HRP)-labeled anti-mouse Ig(G antibody

solution was then added to each well, and the each well was
incubated at room temperature for 30 minutes. The each well

was washed 5 times with PBS-T, and then 100 uL of a sub-
strate solution (0.1 M citrate phosphate butlfer solution con-
taining 2 mg/mL of ortho-phenylenediamine and 0.9 uL/mL
of a 30% aqueous hydrogen peroxide solution, pH 5.0) was
added to each well. The each well was incubated at room
temperature for 30 minutes, and then 100 ulL each of 2 N
sulfuric acid was added to each well to stop the reaction.
Immediately, the absorbance was measured at 492 nm, and
the results are shown 1n Table 1.

TABLE 1
Peptide a.a. No 0OD492/630
Pep 1 31-52 0.003
Pep 70 40-60 0.822
Pep 3 54-78 0.003
Ep12 70-90 0.004
Pep 5 82-96 0.002
ProGRP 31-9% 2.236

The monoclonal antibody GRP-3D6-2 reacted to recom-
binant ProGRP (31-98), which was a positive control, and to
Pep70, which was the amino acid sequence of amino acids 40
to 60 01 ProGRP. In view of this, 1t was found that GRP-3D6-2
recognizes the amino acid sequence of amino acids 40 to 60 of
ProGRP. Furthermore, 1n a similar manner, 1t was found that
GRP-2B10 reacts to the peptides of Pep3 and Epi2, and
GRP-3G2 reacts to the peptides of Ep12 and Pep3.

(2) Synthesis of Multipin Peptide and Determination of
Epitope

Based on the amino acid sequence of ProGRP (31-98), 61
peptides comprising 8 consecutive amino acids with 1 amino
acid overlapped 1n each peptide, were synthesized by the
multipin peptide synthesis method. Each peptide was conju-
gated with biotin at the terminals, and the synthesis was
performed by Wako Pure Chemical Industries, Ltd. (Japan,
Osaka) upon request.

Each of the biotinylated peptides which were synthesized
by the multipin peptide method was dissolved 1n dimethyl-
formamide, and the solution was diluted with PBS to a con-
centration of 1 pg/mlL. 100 ul. of this diluted solution of
biotinylated peptide was added to the avidin coated each well
of a 96-well microtiter plate, and each well was incubated
overnight at4° C. Each well was washed with PBS containing

0.05% Tween 20 (PBS-T), and then 100 uL of each solution
of monoclonal antibody GRP-3D6-2, GRP-3G2 and GRP-
2B10, respectively diluted to 1 ug/mlL, were added to each
well. After incubation at room temperature for 30 minutes,
the each well was washed 5 times with PBS-T, 100 uLlL of a
horseradish peroxidase (HRP)-labeled anti-mouse IgG anti-
body solution was added to each well. Each well was further
incubated for 30 minutes at room temperature, and then the

cach well was washed 5 times with PBS-T. 100 ulL of a
substrate solution (0.1 M citrate phosphate builer solution
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containing 2 mg/ml. of ortho-phenylenediamine and 0.9
ulL/mL of a 30% aqueous hydrogen peroxide solution, pH
5.0) was added to each well. The each well was 1incubated at
room temperature for 30 minutes, and then 100 uL. each of 2
N sulfuric acid was added to each well to stop the reaction.
Immediately, the absorbance was measured at 492 nm. The

respective reactions of monoclonal antibodies GRP-3D6-2,

GRP-3G2 and GRP-2B10 against the respective peptides
within ProGRP (31-98) are shown 1n FIGS. 1(A), 1(B) and
1(C).

As shown 1n FIG. 1(A), the monoclonal antibody GRP-
3D6-2 did not bind to the peptides comprising 8 consecutive
amino acids within ProGRP (31-98). This 1s believed to be
because GPR-3D6-2 does not recognize peptides comprising 15
8 consecutive amino acids of ProGRP, and recognizes a con-
formational epitope prepared from a peptide comprising
longer than 8 amino acids. On the other hand, the monoclonal
antibody GRP-3G2 was bound to four peptides comprising 8
consecutive amino acids, such as amino acids 81 to 88, 82 to 20
89, 83 to 90, and 84 to 91. It 1s concerved that the monoclonal
antibody GRP-3G2 recognizes the peptide of amino acids 84
to 88, which 1s a sequence present 1n these four peptides (FIG.
1(B)). Furthermore, the monoclonal antibody GRP-2B10
bound to four peptides comprising 8 consecutive amino acids, 25
such as amino acids 68 to 75, 69 to 76, 70to 77, and 71 to 78.
For this reason, it 1s conceived that the monoclonal antibody
GRP-2B10 recognizes the peptide of amino acids 71 to 75,
which 1s a sequence present in these four peptides (FIG.
1(C)). 30

In view of the results of epitope analysis using these pep-
tides, the epitope recognized by the monoclonal antibody
GRP-3G2 or the monoclonal antibody GRP-2B10 1s formed
from 5 consecutive amino acid residues.

Furthermore, the monoclonal antibody GRP-3D6-2 recog- 35
nizes a peptide of at least the part comprising amino acids 40
to 60 of ProGRP (31-98), and does not bind to a peptide
comprising 8 consecutive amino acids within the amino acid
sequence ol ProGRP (31-98). In other words, it 1s conceived
that GPR-3D6-2 recognizes a conformational epitope which 40
1s formed 1n the amino acid sequence of at least the amino
acids 40 to 60 of ProGRP (31-98), but 1s not formed 1n
peptides each comprising 8 consecutive amino acids.

A summary of the relationships of the epitopes recognized
by the monoclonal antibodies as described above 1s shown in 45

Table 2.

TABLE 2
Monoclonal antibody Epitope(Amino acids No. of ProGRP) 50
GRP-3G2 84-8%
GRP-2B10 71-75
GRP-3D6-2 40-60

Sample Solid phase
No. Conjugate

729
857

815
Mean
recovery %o

12
EXAMPLE 3

Examination of Storage Stability of Test Sample Achieved
by Combination of Monoclonal Antibodies

To each well of a 96-well microplate, one or two mono-
clonal antibodies (1n the case of two species, a mixture of
equal amounts) were added at 100 uL. volume at a concentra-
tion of 4 ung/mlL, and immobilized by incubation overnight at
4° C. The microplate was washed twice with 10 mM phos-
phate builer solution containing 0.15 M NaCl (pH 7.3), and
then blocked by adding 350 uL. of a blocking solution (10 mM

phosphate butfer solution containing 0.5% casein sodium, pH
7.1) and allowing to stand for 2 hours. After removing the
blocking solution, 100 uL. of the reaction solution and 50 uL
of the test sample to be determined were added to each well,
and 1ncubated for 1 hour at 37° C. After washing 5 times with
a washing solution (10 mM phosphate butfer solution con-
taining 0.05% Tween 20, pH 7.3), 100 uLL of a solution of one
or two types of HRP-labeled monoclonal antibodies (in the
case of two species, a mixture of equal amounts) was added
and was incubated for 30 minutes at room temperature. After
washing 5 times with the washing solution, 100 ulL of a
substrate solution (0.1 M citrate phosphate builer solution
containing 2 mg/ml of ortho-phenylenediamine and 0.9
uL/mL of a 30% aqueous hydrogen peroxide solution, pH
5.0) was added. The each well was incubated for 30 minutes,
and then 100 pL. each of 2 N sulfuric acid was added to stop
the enzymatic reaction. Immediately, the absorbance was
measured at 492 nm (reference wavelength: 630 nm) with a
microplate reader.

Using this method of measurement, three test samples were
respectively divided into a sample stored frozen at —20° C.
and a sample stored at room temperature for 17 hours, for
measurement. The ProGRP value of the sample stored frozen
was set as a control (100%), and the measured values of the
samples stored at room temperature for 17 hours were 1ndi-
cated 1n percentage ('Table 3). When the combinations of an
immobilized antibody and a labeled antibody were GRP-3G2
and GRP-2B10, GRP-3G2 and GRP-3D6-2, GRP-3G2 and
GRP-2B10/GRP-3D6-2, respectively, the immunoactivities
of ProGRP in the test samples stored for 17 hours were
decreased on the average to 69.6%, 70.6% and 69.2%, respec-
tively. Also, 1 the case of GRP-3G2/GRP-2B10 and a poly-
clonal antibody, which 1s a combination of an immobilized
antibody and a labeled antibody according to conventional
methods, the value decreased to 71.8%. On the other hand, 1n
the case of using GRP-3D6-2 for the immobilized antibody
and GRP-2B10 for the labeled antibody, even after storing at
room temperature for 17 hours, the measured value was
89.3% on the average, and the immunoactivity of ProGRP
was maintained to be about 20% higher than that of other
antibody combinations (Table 3). In addition, the polyclonal

antibody used was one acquired by the method described 1n
Example 8 of Japanese Patent No. 3210994,

TABLE 3

GRP-3G2

GRP-3G2 GRP-2B10

GRP-3G2 GRP-3G2 GRP-2B10/ GRP-3D6-2  Polyclonal
GRP-2B10 GRP-3D6-2 GRP-3D6-2  GRP-2B10 antibody

06.3 06.8 06.5 82.1 71.6
71.6 73.7 70.0 92.5 72.9
70.7 71.1 71.0 93.3 70.9
69.6 70.6 69.2 89.3 71.%8
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EXAMPLE 4

Method of Determination Using Antibody Binding to Pro-
GRP (40-75)

To each well of a 96-well microplate, GRP-3D6-2 was
added at 200 uL. volume at a concentration of 4 ng/ml., and
the microplate was incubated overmight at 4° C. The micro-
plate was washed twice with 10 mM phosphate butifer solu-
tion containing 0.15 M NaCl (pH 7.3), and then blocked by
adding 350 ul. of a blocking solution (10 mM phosphate
butler solution containing 0.5% casein sodium, pH 7.1) and
allowing to stand for 2 hours. After removing the blocking
solution, 100 uL of the reaction solution and 100 uL of the test
sample to be determined were added to each well, and 1ncu-
bated for 1 hour at 37° C. After washing 5 times with a
washing solution (10 mM phosphate butier solution contain-
g 0.05% Tween 20, pH 7.3), 200 uL. of a HRP-labeled
GRP-2B10 solution was added and mcubated for 30 minutes
at room temperature. After washing 5 times with the washing
solution, 200 uL. of a substrate solution (0.1 M citrate phos-
phate bulfer solution containing 2 mg/ml of ortho-phe-
nylenediamine and 0.9 ul/mL of a 30% aqueous hydrogen
peroxide solution, pH 5.0) was added. The each well was
incubated for 30 minutes, and then 50 ulL of 3 N sulfuric acid
was added to stop the enzymatic reaction. Immediately, the
absorbance was measured at 492 nm (reference wavelength:
630 nm) with a microplate reader. The standard curve 1s
shown 1n FIG. 2.

In view of this standard curve, 1t 1s believed that about 4.5

pg/mL of ProGRP can be detected. The sensitivity 1n this
assay 1s suilicient for detecting the amount of ProGRP 1n the
sample from a healthy person.

TEST EXAMPLE 1

Using a conventional method and the assay method of
Example 4 of the present invention, five test samples were
stored for 1, 3 and 7 days at 4° C., and then the immunoreac-
tivity of ProGRP 1n the test samples were measured and
compared with the measured values of the same samples
before storage. The conventional method was carried out in
the following manner. To each well of a 96-well microplate,
100 uL of GRP-3G2 and GRP-2B10 (a mixture of equal
amounts) at a concentration of 10 ug/ml. was added, and
immobilized by incubation overnight at 4° C. The microplate
was washed twice with 10 mM phosphate builer solution
containing 0.15 M NaCl (pH 7.3), and then blocked by adding
350 ul of a blocking solution (10 mM phosphate buifer
solution contaiming 0.5% casein sodium, pH 7.1) and allow-
ing to stand for 2 hours. After removing the blocking solution,
100 uL of the reaction solution and 50 uL. of the test sample to
be determined were added to each well, and incubated for 1
hour at 37° C. After washing 5 times with a washing solution
(10 mM phosphate butler solution containing 0.05% Tween
20, pH 7.3), 100 uL. of a HRP-labeled polyclonal antibody
solution was added and incubated for 30 minutes at room
temperature. After washing 5 times with the washing solu-
tion, 100 ul. of a substrate solution (0.1 M citrate phosphate
builer solution containing 2 mg/ml. of ortho-phenylenedi-
amine and 0.9 ul/mL of a 30% aqueous hydrogen peroxide
solution, pH 5.0) was added, the each well was incubated for
30 minutes, and then 100 uLL of 2 N sulfuric acid was added to
stop the enzymatic reaction. Immediately, the absorbance
was measured at 492 nm (reference wavelength: 630 nm)
with a microplate reader.

The value of ProGRP measured before storing at 4° C. was
set as 100%, and the values measured after the respective
storage periods were mndicated in percentage. The results are
shown 1n Table 4.
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In the case of the conventional method, the measured val-
ues for ProGRP 1n the test samples were 94.5% on the average
alter a storage period of 1 day at 4° C., 85.8% on the average
alter a storage period of 3 days, and 67.8% on the average
alter a storage period of 7 days, and thus the activity tended to
decrease by about 4.93% on the average per day. On the other
hand, 1n the assay method of the present invention, the mea-
sured values for ProGRP 1n the test samples were 96.9% on
the average after a storage period of 1 day at4° C., 94.3% on
the average after a storage period o1 3 days, and 86 9% on the
average alter a storage period of 7 days, and thus the activity
tended to decrease by about 2.29% on the average per day.
That 1s, the assay method of the present invention showed a
storage stability which was 2.15 times higher than that of the
conventional method, and particularly after a storage period
of 7 days, the immunoreactivity of ProGRP was maintained
to be about 19% higher than that of the conventional method.

TABLE 4
Conventional method Present invention
Solid phase GRP-2B10&GRP-3G2 GRP-3Do6-2
Conjugate /Polyclonal antibody /GRP-2B10
storage period l1day 3days 7days 1day 3days 7 days
Sample No. 115 92.3 84.0 63.4 97.8 9472 85.7
822 929 85.1 65.6 98.6 956 91.3
215 958 78.8 66.0 100.0 935 91.0
1029  93.3 92.0 66.7 86.6  86.7 76.5
857 984 89.0 774  101.5  99.6 89.8
Average, % 94.5 85.8 67.8 96.9 943 86.9
TEST EXAMPLE 2

Analysis of the epitopes which are respectively recognized
by the monoclonal antibodies GRP-3G2, GRP-2B10 and
GRP-3D6-2 that can be used 1n the present invention, was
conducted.

A peptide having a sequence of amino acids 31 to 53 of
ProGRP was synthesized by the Fmoc method. The synthe-
s1zed peptide was purified by reverse phase chromatography,
or by a combination of reverse phase chromatography and gel
filtration. The respective peptides, including the peptide used
in Example 2, were dissolved in 0.1% TFA, and were diluted
with PBS to a concentration of 10 ug/mL. To each well of a
96-well microtiter plate, 100 ulL of each of the dilutions was

added to each well of a 96-well ELISA plate, and was allowed
for adsorption overnight at 4° C. Each well was washed twice

with PBS, PBS containing 1% BSA was added to each well,

the plate was incubated at room temperature for 2 hours, and
then the butfer solution was removed by aspiration. 100 uLL of
monoclonal antibodies GRP-3G2, GRP-2B10 and GRP-
3D6-2, respectively diluted to a concentration of 5 ng/mlL.,

were added to each well. Each well was incubated at room
temperature for 85 minutes, and then the plate was washed 5
times with PBS containing 0.05% Tween 20 (PBS-T). 100 uL
of a horseradish peroxidase (HRP)-labeled anti-mouse IgG
solution appropriately diluted with PBS-T was added to each
well, and the each well was further incubated at room tem-
perature for 30 minutes. After washing the plate 5 times with
PBS-T, 100 uLl. of a substrate solution (0.1 M citrate phos-
phate bulfer solution containing 2 mg/ml. of ortho-phe-
nylenediamine and 0.9 ul/mL of a 30% aqueous hydrogen
peroxide solution, pH 5.0) was added to each well, the each
well was imncubated at room temperature for 20 minutes, and
then 100 uL. each of 2 N sulfuric acid was added to stop the
reaction. Immediately, the absorbance was measured at 492
nm. The results are shown 1n Table 5.




Peptide

31-53
40-60
24-78
70-90
82-96
31-9%

0.003
1.477
0.005
0.004
0.005
2.063

15
TABL.

GRP-3D6-2

5, 5

GRP-3G2 GRP-2B10
0.006 0.006
0.005 0.004
0.027 2.052
1.953 1.830
1.425 0.060
2.146 2.145

US 7,927,814 B2

In view of Table 3, the epitopes which are reactive to
GRP-3G2, GRP-2B10 and GRP-3D6-2 show nearly the same
results as the results shown 1n Example 2, and 1t was con-
firmed that since GRP-3D6-2 does not completely bound to
the sequence of amino acids 31 to 53, 1t does not also bound
to the peptide of amino acid sequences 42 to 53.

TEST EXAMPLE 3

Identification of ProGRP-Cdel was performed using a
mass analysis apparatus (LC-MS/MS). A rabbit polyclonal
antibody exhibiting reactivity to various peptides in the Pro-
GRP (31-98) region was dissolved in PBS to a concentration
of 12.7 mg/ml, and was bound to 3 ml of NHS-Sepharose
(Amersham PLC.) according to the user manual.

To 1.5 ml of two human sera, 20 ug of recombinant Pro-
GRP (31-98) was added and maintained at room temperature
for 24 hours. Thereafter, 0.4 ml of the above-mentioned rabbit
polyclonal antibody-bound Sepharose was added, and the
mixture was stirred for 60 minutes at room temperature. This
rabbit polyclonal antibody-bound Sepharose was washed
away with a washing solution (10 mM phosphate butier solu-
tion containing 0.05% Tween 20, pH 7.3), and 0.5 ml o1 9.5 M
urea solution was added, and the substance bound to the
rabbit polyclonal antibody-bound Sepharose was eluted out.
The eluate was recovered, and then, the maintained peptide of

the ProGRP (31-98) region 1n this elute was examined using,
LC-MS/MS.

1 ul o1 250 mM of Methyl-PEO ,—NHS ester (Pierce LLC)
solution/DMSO was added to 100 ul of the eluate, and the
mixture was incubated at room temperature for 1 hour. 5 ul of
1 M Tris-HCI (pH 8) was added, and the mixture was 1ncu-
bated at room temperature for 30 minutes to stop the reaction.
Subsequently, 800 ul of acetone was added to precipitate the
protein. After centrifuging, pellets were dried, and 15 ul of a
modified trypsin solution from Promega Corp. (20 ng/ul/50

SEQUENCE LISTING
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mM ammonium hydrogen carbonate) was added thereto to
digest the protein overnight at 30° C. After digestion, 15 ul of
0.1% formic acid was added to the sample, and the sample
was centrifuged for 5 minutes at 15000 rpm. 5 ul of the
supernatant thus obtained was subjected to LC-MS/MS
analysis {(LC part) Agilent 1100 series capillary LC system,
(column) Agilent Zorbax SB-C18, 5 um, 150x0.5 mm, (MS/
MS) Bruker Daltonics HCT-plus}. Separation was performed
in the presence of 0.1% formic acid, the flow rate was 15

wl/min, and the acetonitrile gradient was performed with
0-35% linear/0-120 min, 35-95% linear/120-125 min. The

column eluate was introduced to the ESI part, and MS/MS
data was attained. A peak list was prepared with a Data
Analysis software, and analysis was performed using a MAS-

COT server of Matrix Science, Ltd.

Methyl-PEO,—NHS has a property of modifying the
N-terminal amino group and the side chain amino group of
lysine 1n the protein molecule. Therefore, if there 1s any
discovered peptide fragment having a labeled N-terminal
amino group, this can be considered to have been 1n an N-ter-
minal-free state before trypsin-digestion. Also, since diges-
tion by trypsin does not occur at the site of lysine with labeled
side chain amino group, 1f a side chain of lysine at the C-ter-
minal 1s labeled, this protein has already been cleaved at this
part before trypsin-digestion. In both human serum samples,
NHQPPQPK (72-79) (SEQ ID NO: 35) was found as the
fragment with labeled C-terminal lysine. Accordingly, 1t 1s
conceived that a fragment cleaved from at least the C-terminal
side of Lys-79 was generated by serum treatment. Further-
more, although the N-terminal side was not labeled, a frag-
ment of SVSER (37-41) (SEQ ID NO: 6) was observed in
both human serum samples. Thus, a possibility for cleavage
on the C-terminal side of Ser-36 was suggested.

INDUSTRIAL APPLICABILITY

The method of the present invention selects an epitope on
a digest of ProGRP which 1s stably stored in the test sample,
as the object of measurement. Thus, the method of the present
invention 1s equally sensitive to the conventional assay and
has some advantages such that the test sample 1s hardly
aifected by handling after sampling, and that it 1s possible to
obtain highly reproducible measured wvalues. Thus, the
method of the present invention 1s effective in detection of

ProGRP in the blood.

<160> NUMBER OF SEQ ID NOS: ©
<210> SEQ ID NO 1
<211> LENGTH: 294
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
«221> NAME/KEY: CDS
222> LOCATION: (1)..(294)
<400> SEQUENCE: 1
gtc ccg ctg cct gcg ggce gga ggg acc gtg ctg acc aag atg tac ccg 48
Val Pro Leu Pro Ala Gly Gly Gly Thr Val Leu Thr Lys Met Tyr Pro
1 5 10 15
cgc ggce aac cac tgg gcg gtg ggg cac tta atg ggg aaa aag agc aca 96
Arg Gly Asn His Trp Ala Val Gly His Leu Met Gly Lys Lys Ser Thr

20 25

30



g999Y
Gly

aga
ATrg

ata
Tle
65

ctyg
Leu

aaa
Lys

gag
Glu

gay
Glu
50

gaa
Glu

gyc
Gly

gat
ASpP

tCt

Ser
35

tac

gca
Ala

aat
Agn

tct
Ser

atc
Tle

aag
Lys

cag
Gln

tct
Ser

adgy

gay
Glu

cag
Gln
85

<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Homo sapilens

PRT

<400> SEQUENCE:

Val Pro Leu Pro

1

ATrg

Gly

ATrg

Ile

65

Leu

Lys

<210>
<211>
<212 >
<213>
220>
<223 >

<220>
«221>
<222 >

Gly

Glu

Glu

50

Glu

Gly

ASpP

Agn

Ser
35

Ala

Agn

His
20

Ser

Tle

Gln

<400> SEQUENCE:

agt
Ser
1

cag
Gln

ggc
Gly

ddd

adac

Agn
65

act
Thr

ctt
Leu

ctg
Leu

gct
2la
50

CCtC
Phe

ggt
Gly

cgc

atc
Ile
35

tta
Leu

dad

gag
Glu

gaa
Glu
20

gaa
Glu

ggt
Gly

gac
ASDP

58

2

Ala
5

Trp

Ser

Glu

Gln
85

SEQ ID NO 3
LENGTH :
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of Artificial Sequence:
polynucleotide

FEATURE:
NAME /KEY: CDS
LOCATION:

204

gtt
Vval

tgg
Trp

aac
ASh
70

cct
Pro

Gly

Ala

Val

Trp

Asn

70

Pro

17

tct
Ser

gaa
Glu
55

aga

Arg

tcg
Ser

Gly

Val

Ser

Glu

55

Arg

Ser

(1) ..(204)

3

agc
Ser

gct
Ala

aac
ASn

tct
Ser

atc
Tle

ddad

cag
Gln

tct
Ser

cgt
Arg

gaa
Glu

cag
Gln
55

gag
Glu

40
gaa

Glu

aac
ASn

tgg
Trp

Gly

Gly

Glu
40

Glu

Agn

Trp

gtt
Val

tgg
Trp

aadcC

Agn
40

cCcyg
Pro

aga
Arg

gct
Ala

cac
Higs

gat
ASP

Thr

His
25

Arg

Ala

His

ASDP

tct
Ser

gaa
Glu
25

cgt
ATg

tct
Ser

999
Gly

gca
Ala

cag
Gln

tca
Ser
S0

Val
10

Leu

Gly

2la

Gln

Ser
S0

gaa
Glu
10

gaa
Glu

aac
Agn

Trp

agce
Ser

adg9
Arg

cca
Pro
75

gay
Glu

Leu

Met

Ser

ATrg

Pro

75

Glu

Arg

gct
Ala

cac
His

gac
ASDP

-continued

ctyg
Leu

aat

AsSh
60

cct

Pro

gat
ASP

Thr

Gly

Leu

ASn

60

Pro

ASD

gg4a
Gly

gct
Ala

cag
Gln

tct

Ser
60

aag
Lys

45
ttg

Leu

caa
Gln

agc
Ser

Lys
45

Leu

Gln

Ser

tcc
Ser

cgt
Arg

cCcyg
Pro
45

gaa
Glu

cag
Gln

ctg
Leu

cCcc
Pro

agc
Ser

Met

Lys
30

Gln

Leu

Pro

Ser

ctt
Leu

aacC

ASnhn
20

cCcg
Pro

gac
ASP

cag
Gln

ggt
Gly

aag
Lys

aac
Agn
o5

Tyr
15

Ser

Gln

Gly

Agn
o5

aag
Lys
15

ctg
Leu

cag
Gln

tct
Ser

US 7,927,814 B2

ctg
Leu

ctcC
Leu

gcc
2la
80

| e
Phe

Pro

Thr

Leu

Leu

2la

80

Phe

144

192

240

288

294

Synthetic

cag
Gln

cta
Leu

cCcg
Pro

tcg
Ser

48

O6

144

192

204

18



US 7,927,814 B2

19

20

-continued

<210>
<«211>
<212>
<213>
<220>
<223 >

SEQ ID NO 4

LENGTH: 68

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Desgcription of
polypeptide

<400> SEQUENCE: 4
Val Ser Glu

Ser Thr Gly Glu Ser Ser Ser

1 5 10
Gln Leu Arg Glu Tyr Ile Arg Trp Glu Glu Ala Ala
20 25 30
Gly Leu Ile Glu Ala Lys Glu Asn Arg Asn His Gln Pro Pro
35 40 45
Lys Ala Leu Gly Asn Gln Gln Pro Ser Trp Asp Ser Glu Asp
50 55 60
Asn Phe Lys Asp
65

<210> SEQ ID NO b5
<«211> LENGTH: 8

«212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: b5

Asn His Gln Pro Pro Gln Pro Lys
1 5

<210> SEQ ID NO o
<«211> LENGTH: 5

«212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Ser Val Ser Glu Arg
1 5

The mvention claimed 1s:

1. A method for determining a gastrin-releasing peptide
precursor or a digest thereof, comprising contacting a test
sample with two or more different antibodies which recog-
nize a peptide comprising a partial amino acid sequence con-
sisting of amino acids 40 to 75 of the amino acid sequence
shown 1 SEQ ID NO:2, wherein at least one antibody 1s a
monoclonal antibody which 1s produced by hybridoma 3D6-2
deposited under Accession No. FERM BP-08669.

2. A method for determining a gastrin-releasing peptide

precursor or a digest thereof, comprising contacting a test
sample with two or more different antibodies which recog-
nize a peptide comprising a partial amino acid sequence con-
s1sting of amino acids 40 to 79 of the amino acid sequence
shown 1 SEQ ID NO:2, wherein at least one antibody 1s a

Artificial Sequence:

Arg Gly Ser Leu Lys

45

50

55

Synthetic

Gln
15

Arg Asn Leu Leu

Gln Pro

Ser Ser

monoclonal antibody which 1s produced by hybridoma 3D6-2
deposited under Accession No. FERM BP-08669.

3. The method according to any one of claim 1 or 2, which
1s a sandwich immunoassay method.

4. The method according to any one of claim 1 or 2,
wherein another of the two or more different antibodies 1s a
monoclonal antibody which recognizes a peptide comprising
the partial amino acid sequence consisting of amino acids 71
to 75 of the amino acid sequence shown in SEQ ID NO:2.

5. The method according to claim 4, wherein the antibody
which recognizes a peptide comprising the partial amino acid
sequence consisting of amino acids 71 to 75 of the amino acid
sequence shown 1n SEQ ID NO:2 1s produced by hybridoma
2B10 deposited under Accession No. FERM BP-4110.

G ex x = e
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